We present results of millimeter line observations toward four local gas-rich galaxies (NGC 3079, NGC 4258, NGC 6240 and VII Zw 31) with the IRAM 30 meter millimeter telescope. More than 33 lines in these four sources were detected, including normal dense gas tracers (HCN 1-0, HCO + 1-0, and C 2 H 1-0, etc) and their isotopic species. H 13 CN (1-0) and H 13 CO + (1-0) are detected for the first time in NGC 4258. Optical depths of HCN 1-0 and HCO + 1-0 were estimated with detected isotopic lines in NGC 4258, which were 4.1 and 2.6, respectively. HC 3 N J = 29 − 28, which requires high volume density and high temperature to excite, was detected in NGC 6240. High ratios of HCO + /HCN in NGC 4258 and NGC 6240 imply that this ratio might not be a perfect diagnostic tool between AGN and starburst environments, due to contamination/combination of both processes. The low HC 3 N/HCN line ratios with less than 0.15 in NGC 4258, NGC 6240 and the non-detection of HC 3 N line in NGC 3079 and VII Zw 31 indicates that these four galaxies are HC 3 N-poor galaxies. The variation of fractional abundance of CN in different types of galaxies is large.
INTRODUCTION
Molecular interstellar medium (ISM) plays an essential role in star formation (Omont 2007) , where star formation takes place (Solomon et al. 1979 ). Molecular gas is not only as fuel in the active process of galaxies but should also, in turn, be strongly affected by the activity (Krips et al. 2008) . Molecular line observations, based on millimeter facilities, are crucial for understanding the physical and astro-chemical conditions of galaxies, which can provide plenty of information about density, mass, temperature, kinematics, magnetic field and so on (van Dishoeck & Blake 1998) .
Multi-line studies of local galaxies have been made in literature (Walter et al. 2017; Martín et al. 2015; Davis et al. 2013; Aladro et al. 2013; . Observational and theoretical works (Greve et al. 2009; Martín et al. 2009) showed that the thermal and astro-chemical structures of gas in nearby galaxies should differ between starburst (SB) and active galactic nucleus (AGN) dominated ⋆ E-mail: lifei@shao.ac.cn † E-mail: jzwang@shao.ac.cn ‡ E-mail: confucious 76@163.com regions. The activity in galaxy can be either an starburst or an AGN, or a combination of both. Gas properties derived from molecular lines can infer which physical process of activity dominates the heating of molecular cloud. Some studies had been done to distinguish between AGNs and starburst signatures of centers of galaxies (Kohno et al. 2001; Imanishi et al. 2004; Krips et al. 2008) . Because the existence of both starburst and AGN can create exceptional and extreme conditions for the molecular gas in the central region, more spectral lines should be detected in AGN+SB composite galaxies than pure AGN-dominated galaxy. However, the connection between AGN and starburst are still not well understand. Local galaxies with both AGN and SB activities, are ideal targets for multiline studies of heavy rotor molecules.
In this paper, we present results of millimeter spectroscopy observations toward two nearby galaxies: NGC 3079, NGC 4258, and two Ultra-luminous infrared galaxies (ULIRGs): NGC 6240, VII Zw 31. The outline of this paper is as follows: we introduce the properties of the four sources in §2 the observations and data reduction in §3, and describe the main results of the data in §4. In §5, we present the anal-ysis and discussion of the results. And a brief summary is provided §6.
SOURCE SELECTION
We select four local galaxies to study molecular gas properties, with different nature of nuclear activities. NGC 3079 and NGC 4258 are two nearby type II AGN with strong H 2 O maser emission, while NGC 6240 and VII Zw 31 are two gas-rich (U)LIRGs. Our original proposals were searching for SiO mega-masers in NGC 3079 and NGC 4258 at 3 mm band from about 85 GHz to 92 GHz, and searching for red-shifted 118.75 GHz molecular oxygen in NGC 6240 and VII Zw 31, which covers the rest frequencies from about 111 GHz to 119 GHz. NGC 3079, NGC 4258 and NGC 6240 are well studied and have relatively bright molecular emission lines.
NGC 3079, classified as a type II Seyfert galaxy (Sosa-Brito et al. 2001) , is an edge-on spiral galaxy with optical and radio nuclear activity at the distance of 16.1 Mpc (Tsai & Hwang 2015) . The central region not only hosts a AGN, but also hosts a powerful starburst. Dense gas tracers (CN, HCO + , and HNC 3-2 & 1-0 lines) of this source were reported by Pérez-Beaupuits et al. (2007) , which concluded that emissions of HNC and HCN emerge from the same gas and the ratios of HCN/HNC and CN/HCN favor a PDR scenario, rather than an XDR. HCO + /HCN 1-0 line ratio is 1.12, while HNC/HCN 1-0 line ratio is 0.27 . Molecule lines of C 2 H, CS, C 18 O, 13 CO, CO at J = 1-0 transition and CN 1-0, as well as marginal detections of CH 3 OH 5-4 and HC 3 N 12-11 were reported in Costagliola et al. (2011) and Snell et al. (2011) .
NGC 4258 (M106) is a Sab-type LINER/Seyfert galaxy at the distance of 6.8 Mpc (Tsai & Hwang 2015) . Its anomalous spiral arms emerge from the galaxy nucleus and appear to intersect the regular spiral arms of galaxy (Ogle et al. 2014) . Krause et al. (2007) reported that NGC4258 is a weak AGN and a pair of radio jets may be influencing the molecular emission. HCO + 1-0, H41α and 13 CO 1-0 lines were reported in Snell et al. (2011 ), while Jiang et al. (2011 reported the detections of HCO, HCN, C 2 H, HCO + 1-0 and tentatively detected H 13 CO + 1-0 at < 2σ level. They both showed a very large HCO + /HCN ratio in NGC 4258.
NGC 6240 is a local ULIRG with extreme starburst activity and prominent AGN (Komossa et al. 2003) at the distance of 98 Mpc (Zhang et al. 2012) , as merger of two AGN host galaxies. Observations showed that molecular emissions are concentrated in a small region between the two Seyfert nuclei (Wilson et al. 2008; Iono et al. 2007 ). Dense gas tracers including lines of HCN, HCO + , HNC and other molecular lines of CO, C 2 H, HNCO, C 18 O and CN 1-0 had been detected, as well as tentatively detection of H 13 CN, SiO, H 13 CN and CH 3 OH lines and HC 3 N 10-9 and 12-11 were reported in Greve et al. (2009) . Krips et al. (2008) and Costagliola et al. (2011) showed that the ratio of HCO + /HCN 1-0 was about 1.6 and suggested that HCO + /HCN is not a reliable tracer of XDRs.
VII Zw 31 is a gas-rich ULIRG (Fairclough 1986 ) at the distance of 240 Mpc (Leroy et al. 2011) . It is a possible protogalactic disk at a low redshift and a merger-induced starburst (Djorgovski et al. 1990 ). This source had one of the highest known CO luminosities and its molecule gas may be a large part of the dynamical mass . Detections of dense gas tracers of HCN 1-0 ) and CS 5-4 were also reported in literature. Downes & Solomon (1998) presented detections of CO 1-0 and 2-1 and tentatively detections of CN 1-0.
OBSERVATIONS AND DATA REDUCTION
Our observations toward four local galaxies were made with the IRAM 30 meter millimeter telescope at Pico Veleta, Spain 1 , in December 2012. The setup of the observations were shown in Table 2 . The Eight Mixer Receiver (EMIR) with dual-polarization and the Fourier Transform Spectrometers (FTS) backend with 8 GHz frequency coverage and 195 kHz frequency spacing were used. Standard wobbler switching mode with a ±120 ′′ offset at 0.5 Hz beam throwing was used for the observations. Pointing was checked about every 2 hours with nearby strong millimeter emitting quasi-stellar objects. The EMIR receiver can provide two bands simultaneously. During the observations for each source with different days, we used 3 mm band with similar frequency tuning to cover mega-masers or red-shifted O 2 emission, while different frequency tuning setups were used at 1mm band to cover lines we were interested. The observational parameters are summarized in Table 2 , with typical system temperature of about 137 K at 3 mm band and 142 K at 1mm band, including about 40 K from the receiver. About 12 hours observing time (on + off) were spent for each source of NGC 4258 and NGC 3079. Since they are the extremely nearby objects, the beam (∼29 ′′ at 3mm) of IRAM 30 meter only covered the central region of NGC 4258 and NGC 3079. On the other hand, the observing time (on+off) toward VII Zw 31 and NGC 6240 is about 11 hours for each source. Emissions of our observations are from the entire galaxy for both VII Zw 31 and NGC 6240, as they are distant enough to be smaller than the beam of IRAM 30 meter telescope.
All the data were reduced with the CLASS package of GILDAS 2 . We checked the line profile visually, and qualified spectra by comparing the measured noise and the theoretical noise before and after a few times of boxcar smooth. About 5% of the spectra were discarded during the qualification. We averaged them with time weighting and subtracted linear baselines for all spectra. We converted the antenna temperature (T * A ) to the main beam brightness temperature (T mb ), using T mb =T * A ·F e f f /B e f f , where F e f f and B e f f from the IRAM 30m homepage 3 is tabulated in Table 1 .
RESULTS

Detected Lines
A total of 33 molecular transitions were detected in these four galaxies with this observation. Two isotopic lines, Table 5 ). HC 3 N was firstly detected in NGC 6240 with J=29-28 transition, while HNCO was firstly detected in VII Zw 31 with 12-11 transition. The observational parameters of each line were summarized in Table 5 , 6, 7, and 8, including central velocity, line widths, peak intensity, velocity integrated intensity and column density. Lines with velocity integrated flux above 3 σ level are considered as detections. The line identification was made using the Lovas (Lovas 1992) catalogues, and the Splatalogue data base 4 , which is a compilation of line lists including the Jet Propulsion Laboratory (Pickett et al. 1998 ). Informations of each source were described below. For NGC 3079, as a composite source with both AGN and starburst, there are plenty of molecular lines in this source (See Figure A1 and Table 5 ). Normal dense gas tracers (HCO + 1-0, HCN 1-0, HNC 1-0, C 2 H 1-0, and two groups of CN 2-1) were detected, as well as HNCO 4-3, CH 3 CN 12 0 -11 0 as new detections. Except for CH 3 CN and 18 CO, other all species present a double peck structure (See Figure A1 ) , which are consistent with that in the literature (Pérez-Beaupuits et al. 2007 ). c-C 3 H 2 2-1, as well as isotopic lines of dense gas tracers, i.e., H 13 CN 1-0, H 13 CO + 1-0 (See Figure A2 and Table 6) were new detections in NGC 4258. However, CN 2-1 and C 18 O lines were not detected.
HC 3 N (29-28), which is optically thin and requires a dense and warm cloud component to excite, was firstly detected in NGC 6240 and showed a narrow line width of about 48 km s −1 (See Figure 2) . Both red-shifted and blueshifted line wings of CO 1-0 were detected in NGC 6240, which indicate possible molecular outflow from AGN in this source, which was consistent with the results in literature (Feruglio et al. 2013) . For VII Zw 31, HNCO 12 1,11 -11 0,10 (see Figure A4 and Table 8 ) and C 2 H 3-2 (see Figure 6 ) were detected as new results. While other molecular lines had been reported in literature for these two sources (See Table 7 ,8) .
We compared the intensity ratio of HCO + /HCN with the previous observation in these four sources, which suggested that the ratio of HCO + /HCN might not be an ideal tool to identify AGN or starburst in galaxies.
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Column densities
Local thermodynamic equilibrium (LTE) and optically thin emission for all the detected transitions were assumed to calculate the molecular column densities (N mol ) using the Boltzmann diagrams method (Goldsmith & Langer 1999) , which needs at least two transitions of a given molecule to calculate the rotational temperatures. However, only one transition of each molecule was detected in our data for the four sources. A fixed T ex was used for each source: 30 K for NGC 3079, 50 K for NGC 4258, 49 K for NGC 6240 (Braine et al. 1997; Cox & Downes 1996; Iono et al. 2007) , and 49 K for VII Zw 31, which was adopted the same excitation temperature of NGC 6240 and was higher than the brightness temperature of 13 K from observation of CO , were used to calculate the column densities. The data also were corrected by the beam dilution effect, as
×T MB , where T B is the source average brightness temperature, θ s is the source size, θ b is the beam size in arc seconds, and T MB is the measured main beam temperature. Based on the four sources interferometric observations of CO (1-0) for NGC 3079 (Koda et al. 2002) , CO (2-1) NGC 4258 (Sawada-Satoh et al. 2007 ), CO (1-0) for NGC 6240 (Feruglio et al. 2013 ), CO (1-0), CO (2-1) for VII Zw 31 (Downes & Solomon 1998) , we roughly assumed the sizes of 11 ′′ and 8 ′′ for the nuclear regions of NGC 3079 and NGC 4258; 3 ′′ and 4 ′′ for NGC 6240 and VII Zw 31, respectively.
At LTE and optically thin conditions, we have
where N u is the upper state column density of the molecule, W is the integrated brightness temperature, k is the Boltamann constant, ν is the frequency of the transition, h is the Planck constant and A uℓ is the Eintein's transition probability coefficients. The spectroscopic parameters were obtained from the Cologne Database for Molecular Spectroscopy (CDMS; Müller et al. (2005) ) and JPL catalogs (Pickett et al. 1998) .
where N is the total number density of molecules, Q(T ex ) is the partition function, g u is the degeneracy of the upper state and E u is the upper level energy. The partition function Q(T ex ) of each molecule is calculated by fitting the partition function at different temperature from CDMS.
The column densities for all molecules were showed in Tables 5, 6 , 7, and 8. Note that although we assumed all lines are optically thin for calculation, some lines are certainly optical thick, such as HCN and HCO + in NGC 3079 and NGC 4258 (See Table 4 ), for which the column densities were underestimated. Ratios of column densities for the four sources were calculated and listed in Table 9 .
DISCUSSIONS
5.1 NGC 3079 v.s. NGC 4258: AGN and starburst hybrid v.s. pure AGN
As mentioned in §3, the IRAM beams can not cover the entire galaxy for both NGC 3079 and NGC 4258, which cause Krips et al. (2008) . 2 Data taken from Costagliola et al. (2011) . Our result shown that the ratio of HCO+/HCN (J = 3-2) in NGC 6240 is different from Krips et al. (2008) reported.
that the detected emissions are mainly from the nuclear region.
Molecules
The comparison of molecular abundances among these two galaxies was shown in Figure 3 . HNCO 4 0,4 − 3 0,3 at 87. relative abundances of C 2 H, HNCO, HCN, HCO + and HNC to CN are similar to that in NGC 253 (Aladro et al. 2015) , which implies that the environment of starburst in NGC 3079 might be similar to that in NGC 253. NGC 3079 may be in an intermediate starburst stage, with an active starburst. Shock gas tracer HNCO had higher abundances than PDR tracers c-C 3 H 2 in NGC 3079. All above species had also been detected toward nearby starburst galaxy M82 ) and the nearest ULIRGs Arp 220 ).
On the other hand, the faint lines of H 13 CN 1-0, H 13 CO + 1-0, and SiO 2-1, were only detected in NGC 4258. The velocity integrated intensity and line center of SiO 2-1 of NGC 4258 is similar to that of Wang et al. (2013) , but with broader line width. SiO usually trace shocks in extragalactic sources (García-Burillo et al. 2000 and its abundance may be enhanced by X-ray chemistry in AGNs (Aladro et al. 2013) . That is, SiO is somehow expected to be detected in NGC 3079, which have strong active AGN and shock gas. However, it was not detected at similar noise level of NGC 4258. All of the lines detected in NGC 3079 and NGC 4258 had been detected as strong emission lines in Orion A with line survey (Sutton et al. 1985) . It is interesting that CN 2-1 in NGC 4258 as a pure AGN was not detected, which was contrary to models showed by Meijerink et al. (2007) . While the strong emission of CN 2-1 was detected in NGC 3079 (SB+AGN), in which CN might be enhanced not only in XDRs, but also PDRs near massive young stars (Aalto et al. 2002) . C 2 H 1-0 emissions were also detected in NGC 4258 and NGC 3079. However, the 6 hyperfine structures can not be separated due to the line broadening (See Figure 5) .
The line profiles
The line parameters for NGC 3079 and NGC 4258, including velocity-integrated flux, line velocity and line width, are summarized in Table 5 , 6. For NGC 3079, except for CH 3 CN and 18 CO, other all species have showed obviously two separated velocity components, which is consistent with the results in literature (Pérez-Beaupuits et al. 2007 ) (See Figure  7) . It indicates that two components with different velocities exist in this source. 18 CO 2-1 may be a double peak structure. However, it is at the edge of the band, which causes Figure 3 . Comparison between NGC 3079 and NGC 4258 fractional abundances of different molecules with respect to the 13 CO abundances. For 18 CO, the lower limit just be shown in NGC 4258, while CO is not shown here because it is off the chart. only the blue-shifted component was detected, while the redshifted component was out of the frequency coverage. Based on profiles of other lines, such as HCN 1-0 and HCO + 1-0, 13 CO 2-1 should have two components velocity. However, it is hard to distinguish the double peak structure, due to the high opacity. CH 3 CN could have two velocity components. However, we can not distinguish CH 3 CN emission profile due to the red-shifted component of CH 3 CN is blended by 13 CO 2-1. On account of most of red-shift component of molecular lines were detected in NGC 3079, we used line widths of redcomponent of HCN 1-0 to estimate upper limit of integrated intensities for HC 3 N 10-9 and H 13 CN 1-0, while use that of HCO + 1-0 for H 13 CO + 1-0. For NGC 4258, we find that except for H 13 CN, H 13 CO + , H 3 CN and SiO, the central velocity of other species is about 450 km/s and the line width is about 250 km/s. H 13 CO + and H 13 CN are just detected around 3σ level, which may cause the uncertainty of estimating velocity.
Line ratios
The ratios of HCO + /HCN, HCO + /HNC, and HCN/HNC were listed in Table 3 . HCO + /HCN line ratio had been The same six hyperfine lines are marked from 1-6 in these two sources: 1, C 2 H 1-0 3/2-1/2 F=1-1 at 87284.15GHz; 2, C 2 H 1-0 3/2-1/2 F=2-1 at 87316.92GHz; 3, C 2 H 1-0 3/2-1/2 F=1-0 at 87328.62GHz; 4, C 2 H 1-0 1/2-1/2 F=1-1 at 87402.00GHz; 5, C 2 H 1-0 1/2-1/2 F=0-1 at 87407.16GHz; 6, C 2 H 1-0 1/2-1/2 F=1-0 at 874446.47GHz. The transition of J=1-0 3/2-1/2 F=1-0 is used as reference for the velocities in these two galaxies. Figure 6 . C 2 H (3-2) detected in NGC 6240 and VII ZW 31. The rms is 1.89m K at the velocity resolution of 18.1 km s −1 in NGC 6240 and 1.18 mK at the velocity resolution of 18.10 km s −1 . The same four hyperfine lines are marked from 1-4 in these two sources: 1, C 2 H 3-2 J=7/2-5/2 F=4-3 at 262.004 GHz; 2, C 2 H 3-2 J=5/2-3/2 F=3-2 at 262.065 GHz; 3. C 2 H 3-2 J=5/2-3/2 F=2-1 at 262.067 GHz, 4, C 2 H 3-2 J=5/2-3/2 F=2-2 at 262.079 GHz. The transition of J=5/2-3/2 F=2-1 is used as reference for the velocities in these two galaxies. used to distinguish between AGNs and starburst signatures in galactic centers (Kohno et al. 2001; Imanishi et al. 2007; Krips et al. 2008) . As a result in literature, HCO + /HCN in starburst and LIRGs was higher than that in AGN, explained by the enhancement of HCN abundance in XDR surrounding an AGN Privon et al. 2017) . Furthermore, an enhanced intensity of HCN (1-0), with respect to HCO + (1-0) in the studies of AGN dominated galaxies, was interpreted as evidence for the influence of X-ray dominated regions (XDRs) or mechanical heating (Izumi et al. 2016) . But there are some counterarguments to this statement that lower line ratio of HCO + /HCN, which were reported in pure starburst and composite galaxies Privon et al. 2015) . Mills et al. (2013) presented that low HCO + /HCN ratio was also found in individual galactic star-forming regions. Although many different effects can contribute to an HCN enhancement in active environments, the actual cause is not clear. Izumi et al. (2013 Izumi et al. ( , 2016 concluded that the high abundances and mechanical heating from a jet or shock could drive the HCN enhancement relative to HCO + in AGN galaxies. While, in our observations, the high line ratio of HCO + /HCN 1-0 (∼2) in NGC 4258, which is consistent with that in Jiang et al. (2011) , is different to the typical value of pure AGNs (Krips et al. 2008) . Different optical depth of these two molecules might play a key role in this ratio. The opacity of HCN was almost twice of HCO + (see Table 4 ). On the other hand, the lower critical densities of HCO + than that of HCN, may cause that HCO + region from the relative low density gas. This scenario is equivalent to that discussed toward local starbursts galaxies for the high HCO + /HCN ratio (Meier & Turner 2012) . The ratio of HCO + /HCN in NGC 3079 was consistent with that in Costagliola et al. (2011) , similar to that in other AGN/starburst composite sources in literature (Krips et al. 2008) .
Since the red-shifted component of C 18 O 2-1 was out of frequency coverage, we just use peak temperature to estimate the ratio of 13 CO/ C 18 O as 3.5. On the other hand, based on the non-detection of C 18 O 2-1, the lower limit of this ratio in NGC 4258 is about 11. The different line ratios of 13 CO/C 18 O in these two galaxies might due to different isotopic ratios of 13 C/ 12 C and 16 O/ 18 O, or self-absorption of 13 CO 2-1 in NGC 3079.
With better sensitivity than that of Jiang et al. (2011) , we marginally detected H 13 CO + and H 13 CN for the first time above 3σ level in NGC 4258. HCN 1-0 and HCO + 1-0 overlaid on their isotopic lines are presented in Figure 8 . With assumption that the isotopic ratios of molecules are the same as the isotopic abundance of 12 C/ 13 C and this ratio is 40, which was suggested for nearby galaxies (Henkel et al. 1993 (Henkel et al. , 2014 Aladro et al. 2013) , we can calculate the optical depths of HCO + 1-0 and HCN 1-0, with R = 1 − e −τ 12 1 − e −τ 13 , where R is the detected line intensity ratio and τ is the optical depth. We obtained the optical depths for NGC 4258, and the upper limits for NGC 3079, respectively. The values of two sources has been showed in Table 4 . The optical depths are similar to that in nuclear region of nearby type II Seyfert galaxy NGC 1068, with the optical depths of HCN 1-0 and HCO + 1-0 as 4.6 and 3.0, respectively (Wang et al. 2014) . The optically thick lines of HCN and HCO + can not well distinguish the abundance ratio of HCO + /HCN due to self absorption. Isotopic lines of dense gas tracers in galaxies can help us to derive the optical depths of dense gas tracers, which is important to accurate the relationship between the dense gas and the star formation , especially for individual galaxies. Krips et al. (2008) showed that IR pumping is not significantly to effect the HCO + -to-HCN intensity ratios. Line ratio of optically thin isotopologues (H 13 CO + /H 13 CN), which is more related to the relative abundances than that of HCO + /HCN with assumption of similar excitation temperatures, is larger than unity in NGC 4258. 
Molecules
The detected lines in these two sources are similar, including CN 1-0, CO 1-0, C 2 H 1-0, HCN 3-2, and HCO + 3-2, except that HC 3 N 29-28 line was only detected in NGC 6240 and HNCO 12-11 was only detected in VII Zw 31. Although we did not detect new extragalactic molecules in these two sources, HNCO and HC 3 N 29-28 was detected for the first time in VII Zw 31 and NGC 6240, respectively. The detected species are listed in Tables 7 and 8 . Figure 4 show the comparison of molecular abundances among these two galaxies. Two groups of CN 1-0 lines, which include nine hyperfine transitions, were detected both in NGC 6240 and VII Zw 31. Due to the line broadening of galaxies, the nine CN 1-0 lines were in two groups, five of which were around 113.491 GHz while four of which were around 113.191 GHz. The detected CN 113.491GHz / CN 113.191GHz ratios in NGC 6240 and VII Zw 31 were about 2, which were similar to the optical depth ratio of the two groups and indicated that the lines were optically thin. C 2 H 3-2 was detected in these two sources. However, due to the line broadening, the 4 hyperfines can not be resolved (See Figure 6 ). Some transitions of HC 3 N in galaxies had been detected Costagliola et al. 2011; Lindberg et al. 2011; Jiang et al. 2017) , with low detection rate. So far, HC 3 N 32-31 in NGC 4418 was the highest transition detected in external galaxies (Costagliola et al. 2015) . With the detection of HC 3 N 29-28, which requires the excitation conditions with high density (around 10 6 cm −3 ) and high temperature (E u ∼190 K) (Aladro et al. 2015) , at least part of molecular gas in NGC 6240 should have similar physical properties to that in NGC 4418. HNCO, as a good tracer of the evolution of nuclear SB in galaxies and a shock tracer (Aladro et al. 2015; Martín et al. 2008) , was detected in VII Zw 31, which implied that the ISM of VII Zw 31 might be dominated by shocks affecting the molecular clouds fueling the SB.
Line ratios
The line ratio of HCO + /HCN 3-2 was 1.5 in NGC 6240, which was about twice of the value in Krips et al. (2008) . The same nine hyperfine lines are marked from 1-9 in these two sources: 1, CN 1-0 J=3/2-1/2 F=1/2-3/2 at 113.520 GHz; 2, CN 1-0 J=3/2-1/2 F=3/2-3/2 at 113.509 GHz; 3, CN 1-0 J=3/2-1/2 F=1/2-1/2 at 113.4996 GHz; 4, CN 1-0 J=3/2-1/2 F=5/2-3/2 at 113.491 GHz; 5, CN 1-0 J=3/2-1/2 F=3/2-1/2 at 113.488 GHz; 6, CN 1-0 J=1/2-1/2 F=3/2-3/2 at 113.191 GHz; 7, CN 1-0 J=1/2-1/2 F=3/2-1/2 at 113.171GHz; 8, CN 1-0 J=1/2-1/2 F=1/2-3/2 at 113.144 GHz; 9, CN 1-0 J=1/2-1/2 F=1/2-1/2 at 113.123 GHz. The transition of J=3/2-1/2 F=1/2-3/2 in NGC 6240 and J=3/2-1/2 F=5/2-3/2 in VII Zw 31 is used as reference for the velocities, respectively. 
4.6 ± 1.2 0.12 ± 0.03 3.0 ± 0.6 0.08 ± 0.02 HCO + and HCN data from the observation at different time in Krips et al. (2008) , with HCO + data from Graciá-Carpio et al. (2006) . The velocity integrated intensity of HCN 3-2 in our results was almost the same as that in Krips et al. (2008) , while it was more than twice flux in our results than that of Krips et al. (2008) for HCO + . The pointing error can underestimate flux of HCO + , resulting in underestimating line ratio of HCO + /HCN. The ratio was 0.78 for VII Zw 31, as a typical value for ULIRGs . While the higher HCO + /HCN 3-2 ratio in NGC 6240 is close to SB-dominated source, as seen in starburst-dominant galaxy nuclei. With two prominent AGN in NGC 6240, we suggest that an enhanced HCN abundance in an AGN could be the reason for the higher HCN flux, resulting in higher HCO + /HCN 3-2 in NGC 6240 than VII Zw 31, in which no obvious AGN signature exists.
Comparison with observations in literature
The derived ratios of HCO + /HCN agree well with previous studies for NGC4258 (Jiang et al. 2011 ) and NGC 3079 (Krips et al. 2008; Costagliola et al. 2011 ), while it is about twice for NGC 6240 than that in Krips et al. (2008) . HCO + /HCN 3-2 ratio is a new measurement for VII Zw 31. More HCO + /HCN ratios for other sources from the literature are listed in Table 3 , which show that starbursts have, on average, higher HCO + /HCN ratios than AGN. The HCO + /HCN ratio can be used to observationally distinguish AGN-important and starburst-dominant galaxy nuclei. For the composite sources (NGC 6240 and NGC 3079), we found that this ratio is moderately low comparing to starburst galaxies. We suggest that the line intensity may be contaminated from coexisting AGN region have a lower HCO + /HCN ratio. This indicates that the HCO + /HCN may not be a perfect diagnostic tool between AGN and SB environments, due to combination of both processes. The fluxes are in T mb instead of T A . For C 2 H, the hyperfine transition, the flux integrated from -69 km s −1 1166 km s −1 . We use line width of HCN to estimate upper integrated intensity limit of CN. The asterisk * shows lines are optically thick and their column density would be underestimated. The column densities were calculated with the correction of an estimated source size. We estimate upper limits of CN 2-1 and C 18 O 2-1 integrated intensities with line width of HCN and 13 CO, respectively.
HC 3 N/HCN
with Lindberg et al. (2011) , which concluded that starburst galaxies seem to be poor in HC 3 N, because HC 3 N is easily dissociated by UV radiation. As mentioned in Sec. 5.2.1, HC 3 N 29-28 was detected in NGC 6240 with the ratio of HC 3 N 29-28/HCN 3-2 of 0.03, which gave that HC 3 N abundance of NGC 6240 was lower than that of other two ULIRGs: Arp 220 and Mrk 231 (Aladro et al. 2015) . With the extreme starburst activity, we suggest that NGC 6240 also belongs to the HC 3 N-poor galaxy, which is consistent with the result of Jiang et al. (2017) with non-detection of HC 3 N emission. The upper limit ratio of HC 3 N/HCN in NGC 3079 is 0.03, which is consistent with Lindberg et al. (2011) as an HC 3 N-poor galaxy. The non-detection HC 3 N line in NGC 3079 and VII Z w 31 and I(HC 3 N) I(HCN) < 0.15 in NGC 4258 and NGC 6240, which implies that all four galaxies are HC 3 N-poor galaxies.
Abundances of several molecules
In our sample, NGC 3079 and NGC 6240 host both AGN and powerful SB, while NGC 4258 is a pure AGN and VII Zw 31 is an ULIRG mainly powered by SB. C 2 H, as a good PDR tracer, has similar abundances in NGC 3079, NGC 4258 and NGC 6240, which is an order of magnitude lower than that in VII Zw 31, indicating that strong UV fields in VII Zw 31 might be required for the enhancement of C 2 H. c-C 3 H 2 line is tentatively detected in NGC 3079 and NGC 4258. However, CN, whose abundance should also be enhanced in an X-ray chemistry (Meijerink et al. 2007 ), was not detected in NGC 4258. High resolution observations are needed to better understand CN and c-C 3 H 2 emission in galaxies with AGN and/or starburst.
Column density ratios of molecules with less affect of opacity effects, were listed in Table 9 . (Aladro et al. 2015) , which may be caused by the enhancement of c-C 3 H 2 in M82 ).
SUMMARY AND CONCLUSIONS
We presented 3mm and 1mm band observations toward four nearby galaxies, including NGC 3079, NGC 4258, NGC 6240 and VII Zw 31, with the IRAM 30m telescope. The main results of this study are as follows.
1. We detected 10 molecular species in NGC 3079, 11 molecular species in NGC 4258, 6 molecular species in NGC 6240, and 6 molecular species in VII Zw 31, which expanded the molecular line data set for these galaxies. HC 3 N 29-28 which requires high excitation condition, was detected in NGC 6240, and HNCO 12-11 was detected for the first time in VII Zw 31. In addition, we tentatively detected the isotopic lines H 13 CN 1-0 and H 13 CO + 1-0 about 3σ level in NGC 4258. Optical depths of dense gas tracers were estimated as 4.1 for HCN 1-0 and 2.7 for HCO + 1-0 in NGC 4258 with the detected H 13 CN 1-0 and H 13 CO + 1-0 lines.
2. We performed the detailed comparison of two nearby type II AGN: NGC 3079 and NGC 4258; and two gas-rich (U)LIRGs: VII Zw 31 and NGC 6240, with detected lines. Two groups of CN 1-0 in VII Zw 31 and NGC 6240, were detected and estimated as optically thin lines based on the line ratio. The high line ratio of HCO + /HCN 1-0 in NGC 4258 is inconsistent with typical value of pure AGNs and composite sources, while the line ratio of H 13 CO + /H 13 CN was close to unity, which is more relate to the relative abundances. The intensity ratio of HCO + /HCN lines might not be an ideal tool to identify AGN or starburst in galaxies. The ratio of 13 CO/C 18 O 2-1 shows obvious difference in NGC 3079 and NGC 4258.
3. Under the LTE approximation, we derived column densities of various molecular species. With the relative abundances of C 2 H, HNCO, HCN, HCO + and HNC normalized by CN, we found the environment of starburst in NGC 3079 might be similar to that in NGC 253. c-C 3 H 2 was detected, while CN were not detected, in NGC 4258. CN molecule shows abundance variations among different power sources of galaxies nuclei.
4. We find these four source are all HC 3 N-poor galaxies. 
